In the Pontal auriferous lode, dominant saccharoidal quartz is associated with oligoclase, biotite, hornblende, tremolite-actinolite, sulphides (less than 2%), and disseminated native gold. Four main types of fluid inclusion have been distinguished based on their habit, distribution and spatial relationship with gold particles. Type S are primary multiphase large sized (100 to 200 p~m) inclusions with homogenization temperatures (V + L-*L) between 350 and 450~ They Contain siderite and/or calcite and graphite-like microcrystals as daughter phases. Commonly associated with these inclusions are tiny (50 to 100 p~m) solid inclusions of biotite or actinolite. In most of these inclusions, only CH4 has been detected in the vapour phase. However some noticeable exceptions were observed (COjCH4 ratio near 0.85). Type C inclusions are later than gold and occur disseminated in quartz or along trails that crosscut quartz grain boundaries. They may contain nahcolite daughter crystals. CO2/CH 4 ratios range from 0.0 to 0.5. Homogenization temperatures vary from 150 to 300 ~ Type V are mainly gaseous CH4-H20 inclusions. They may occur as small-sized inclusions directly associated with gold particles. Type L are aqueous two-phase inclusions of late secondary origin.
Introduction
A COMPOSITE depositional model for lode gold deposits (Colvine et al., 1988) shows an evolution from upper-level deposits, where brittle deformation predominates, to lower ones with dominant ductile deformation. Data are available from fluid inclusions in upper level deposits that illustrate the r61e of H20-CO 2 fluids and the irregular occurrence of elevated CH 4 contents (see e.g. Colvine et al., 1988; Touray et al., 1989) . On the other hand, little is known about fluid inclusions in deep-seated deposits that formed at the onset of retrograde processes, after metamorphic culmination.
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In this paper we describe such inclusions in an auriferous quartz lode, conformable with the foliation of host mylonitic gneisses and associated with a limited actinolite + biotite alteration halo.
Regional geology, ore geology and mineralogy
The Pontal mine (Brejinho de Nazar6) is located in the NE part of the former Goias State, now the Tocantins State, about 400 km north of Brasilia (Fig. 1) . Presently, 104 tons of gold-bearing quartz (average grade 17.5 ppm gold) have been mined by METAGO from a lens 120 m long, 0.50m thick and 60 to 100m deep. Other similar prospects are known in the area. Rocks exposed in the mine area consist of biotite and biotite-hornblende orthogneisses derived from tonalites, with amphibolite intercalations (Santos, 1989) . The observed mineral associations are diagnostic of metamorphic culmination in the amphibolite facies; the Iack of index minerals such as cordierite or sillimanite precludes any more precise conclusion. The orthogneisses display a mylonitic foliation orientated 015 ~ to 030 ~ and dipping 60 ~ to 70~
A subhorizontal stretching lineation is defined by orientated biotite platelets; the various aspects of planar and linear deformation suggest a transcurrent ductile deformation in a dextral simple shear regime (Santos, 1989) .
Auriferous quartz lodes, including the one mined, are usually parallel to the mylonitic foliation and sometimes cut it at a low angle; qtmrtz lodes are deformed by boudinage, with deformation axes nearly parallel to the stretching lineation present in the orthogneisses. Segregation of auriferous quartz before the end of ductile deformation of the host rock is assumed (Santos, 1989) .
Later granitic intrusions containing xenoliths of mylonitic orthogneiss have been dated at 1737 + 50 Ma (Costa and Hasui, 1989) . Related to these intrusions are pegmatitic injections that cut both metamorphic basement and auriferous quartz lodes. North of the mine area, the Precambrain basement is unconformably overlain by Devonian detrital sediments (Pimenteiras Formation).
In conclusion, the auriferous quartz lode mined at Pontal formed before 1.7 Ga and presumably during early Proterozo~c times; this process occurred after metamorphic culmination of the host basement in the amphibolite facies, but ductile deformation was still occurring. A petrological interpretation of the mineral association trapped in quartz as solid inclusions as well as a study of its fluid inclusions were necessary to define the physico-chemical conditions prevailing during ore deposition. At the top and base of the quartz lens, the host gneiss is marked by a dark zone with notable enrichment in biotite and actinolite. This high-T and P alteration of the host rocks is significant for the paragenesis of the lode deposit.
Solid inclusions in auriferous quartz
The auriferous lode is composed dominantly of white to grey saccharoidal quartz showing undulose extinction, with indentated and sutured contacts. Other components associated with quartz are gold, different silicates and around 2% of sulphides (pyrrhotite, pyrite, ehalcopyrite and rare galena and sphalerite).
Native gold is disseminated in the quartz lens as irregular and euhedra| crystals (Fig. 2) , with sizes spanning from 0.02 to 0.6 mm. More rarely, gold filling fractures was noticed. Microscopic investigations of quartz revealed solid inclusions of amphibole, feldspar and mica. Raman spectroscopy of these amphiboles gave spectra essentially identical to a reference actinolite (communicated by J. M. Beny). For feldspar, the recorded Raman spectrum is characteristic of a sodic plagioclase. About 50 electron microprobe analyses of trapped minerals within quartz have been carried out. Because of contamination by enclosing quartz or other associated phases, only a limited number of these have been selected for discussion (Table 1) . Biotite is very similar to dark brown biotite described in the literature (Deer et al., 1973, p. 62; table 13 no. 2) . Amphiboles belong to the calcic group and may be classified as actinolites near the boundary with actinolitic hornblende. Plagioclase ranges in composition from Ab72 to Ab64 , not far from oligoclase-andesine.
Fluid-inclusion studies
Typology. Four main types of fluid inclusion have been defined from microscopical observations:
1. S-type are large (about 100jxm) multiphase primary (vapour/liquid) inclusions, with a low degree of filling (0.1 to 0.2). They are isolated within quartz grains and contain several solids with distinct shape, colour, refractive index and birefringence (Fig. 3) . Amongst these solids, large trapped mineral grains were probably responsible for the formation of S-inclusions; they are brown platelets (recognized to be biotite) and greenish pleochroic blebs with noticeable birefringence, very similar to the actinolite inclusions present in the quartz matrix. 2. C-type are medium-sized (about 20 to 40 Ixm) pseudo-secondary and/or secondary inclusions; they form groups within a same crystal or trails cross-cutting boundaries of quartz grains. They contain (L + V) or (L + V + S) phase assemblages, with a degree of filling of about 0.3 to 0.4; liquid CO z has sometimes been observed at room temperature. 3. V-type are small to medium sized inclusions with a degree of filling of about 0.9; they appear scattered within the quartz crystals, sometimes in a geometrical relationship with gold grains; their relative age and their spatial relations with S and C types have not been clearly established. 4. L-type are aqueous two-phase inclusions of late secondary origin.
Raman microprobe data. Raman spectra of gas and solids in S, C and V inclusions have been obtained using a U 1000 apparatus. Analytical conditions have been described elsewhere (Touray et al., 1988) . Examples of Raman spectra for solid phases are given in Figs. 4 and 5 ; results are summarized in Table 2 .
S-type inclusions contain trapped biotite and amphibole which gave poorly-defined Raman spectra, although comparable with spectra from the same phases trapped as isolated large inclusions in the quartz matrix. Rutile, with characteristic peaks occurring at 448 and 610cm -] was detected in S inclusions. Other solids form smaller grains apparently not present as solid inclusions in quartz. They could be daughter phases, although they are only slightly soluble on heating. These later phases were determined as:
Graphite-like grains. Poorly ordered carbon was identified by two broad bands at about 1360 and 1590cm -1, corresponding to undulated and zigzag textures (Rouzaud, 1984) . Rhombohedral carbonates. Two or three crystals may be present simultaneously. From reference Raman spectra these carbonates are siderite, or more rarely, dolomite, and/or calcite, as shown by characteristic peaks on Raman spectra (Table  3 ).
In the vapour phase, only CH 4 has been detected in most of the S inclusions, with some noticeable exceptions (Table 2) . On the other hand, the detection limit of CO 2 in such inclusions is probably in the range 5-10 mole percent, when one refers to the signal to noise ratio. Accordingly, 'pure' CH 4 inclusions, as indicated in Table  2 , may well contain several percent of CO 2 and/or N 2 .
C-type inclusions may host one or several daughter crystals of nahcolite (Fig. 5 ). The gas phase usually contains higher CO 2 and lower CH 4 amounts than the S inclusions; nitrogen has rarely been detected (Table 2 ). In V-type inclusions only CH 4 and sometimes nitrogen have been detected (Table 2) . L type inclusions do not contain any detectable volatiles. Microthermometric data. In S-type inclusions, phase transitions at low temperature are extremely difficult to observe. During freezing runs, phase transitions were looked for, but were not observed in S inclusions without detectable CO2; only inclusions 1A1S00 and 2AS00, containing dominant CO 2 (Table 2) , displayed a visible L + V---~ L transition at -6~ but solid CO2 was not observed. At high temperatures, homogenization of the fluid phases was from 280 to 450~ in the liquid phase (Fig. 8) . Some dissolution of the carbonates (possible daughter minerals) was observed during several heating runs.
In V-type inclusions, only homogenizations into the vapour phase were observed (360 to 460~
In C-type inclusions, freezing experiments yielded the following data: the melting temperature of CO2 (Fig. 6) varied from -56.6 to about -70~ similarly, the homogenization temperatures of the CO 2 phases were extremely variable (Fig. 7) . These data are in good agreement with the large range of CO2/CH 4 ratios determined by Raman microspectrometry (Table  2) .
A noticeable scattering of the clathrate melting temperature (+6 to +18~ usually above the value for pure CO2 (+10~ according to Hollister and Burruss, 1976) , is compatible with the presence of variable CH4 amounts (Collins, 1979) . The last melting of ice, determined in the presence of clathrate, occurred between -2 ~ and -4 ~ indicative of dilute aqueous solutions. Homogenization temperatures scatter in the 250-300~ range. Dissolution of nahcolite (daughter mineral) was observed around 180 ~ L-type inclusions displayed last melting temperatures of ice in the -2~ to -5 ~ range (dilute solutions); homogenization occurred on heating in the liquid phase, between 160 and 250 ~
Interpretations and conclusions
In the gold-bearing quartz lode mined at, Pontal, the formation of S-type fluid inclusions is synchronous with the trapping of oligoclase, acti- whose limited dissolution has been sometimes noticed, were at least pro parte deposited as daughter phases.
Most of the S-type inclusions contain only detectable methane as a volatile component, but some inclusions (Table 2 ) are dominated by CO 2.
At 500 ~ with fCO:/fCH, = 4 and equilibrium with graphite, fo2 plots on the QFM buffer or slightly higher or lower, depending on pressure (Kreulen, 1987, Fig. 1 ). For inclusions without detectable CO2, fo2 is evidently lower but cannot be estimated. These results may be compared with the data obtained from the Sanoukou prospect (Touray, 1987) CH 4 ratio resulting from the precipitation of the graphitic phase (Dubessy, 1984) , such a scattering may illustrate actual variations of the initial CO2/ CH4 ratio and hence fluctuations of the oxygen fugacity at the time of trapping. Variable fo2 through time could reflect unbuffeted fluid-rock interactions with respect to redox conditions at the site of quartz deposition. Variations of fo2 may have triggered gold precipitation through destabilization of Au(HS)~-complexes after variation of the oxygen fugacity (Touray, 1987; Shenberger and Barnes, 1989) .
C-type inclusions represent early circulation of secondary fluids with variable COjCH 4 ratios ( Table 2) . L-inclusions correspond to late hydrothermal aqueous solutions. The origin and age of V-inclusions are not clear; they represent hightemperature and low-density methane-rich fluids provided that the highest T h did not result from stretching (e.g. at the time of injection of the pegmatitic dykes). From petrographic arguments, the trapping of the S-type multiphase and of the solid inclusions in quartz (including gold), occurred under the T-P conditions prevailing at the boundary between the greenschist and the amphibolite facies (biotite + actinolite + oligoclase stable). Referring to several authorities (Winkler, 1974; Turner and Verhoogen, 1958) , T may be estimated to about 500-550 ~ P being more difficult to constrain.
Finally, the Pontal gold-bearing quartz vein may be described as a high-temperature metamorphic deposit (Moravek and Pouba, 1987) , probably formed under variable oxygen fugacity, with redox conditions ranging from QFM buffer to lower values. A major unresolved problem is the origin of the carbon-bearing fluids: the usual assumption of a source within graphitic shales cannot be invoked, in view of the lack of such sediments in the basement. Some deep crustal (or mantle?) source appears more probable.
Similarly, the classical hypothesis of a gold source within local ultrabasic rocks seems unlikely, and some deep source has to be invoked.
